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ABSTRACT 

Experimental  investigations  revealed  that  the  high  temperature  creep 

• . n 

rate,  t , is  related  to  the  stress,  Cr  , by  t ~ O'  for  low  stresses  and 
* 60‘ 

f.  ~ 6 for  high  stresses  'where  n and  B are  constants  Independent  of 
the  creep  strain  and  temperature . According  to  a preliminary  dislocation 
climb  model  for  high  temperature  creep,  the  activation  energy  for  creep 
should  be  that  for  self-diffusion  and  the  effect  of  stress  on  the  creep 
rate  should  depend  on  the  number  of  active  Frank-Read  sources,  and  the 
rate  of  climb  depends  on  the  etrueture  cs  determined  by  the  pattern  of 
climbing  dielocations . Many  of  the  experimental  obeervations  cn  high 
temperature  creep  can  be  accounted  for  by  this  model* 
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INTRODUCTION 

The  creep  of  metals  depends  on  the  two  externally  adjustable  variables 
of  temperature  and  stress.  Recent  data^-^  emphasize  that  the  effect  of 
temperature  on  the  creep  rate  can  be  formulated  to  be 
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where  £,  “ creep  rate 

R ■ gas  constant 

AH  ■■  activation  energy  for  self-diffusion 
T » absolute  temperature 
and  CT  - stress. 

In  spite  of  extensive  study  few  definitive  conclusions  have  yet 
matured  on  the  effect  of  stress  on  the  creep  rate.  Several  factors  have 
contributed  to  the  vague  opinions  currently  prevalent  on  the  effect  of 
stress  on  the  creep  rates 

1.  Theory.  The  predicted  effect  of  stress  on  the  creep  rate  mas 
based  on  unrealistic  and  lmmaturely  conceived  models  of  the  creep  phenomenon 
at  high  temperatures. 

2.  Experiment.  In  general  no  attempt  was  made  to  correct  for  the 
fact  that  different  substructures  are  produced  during  creep  at  different 
stresses.  Consequently  the  observed  effect  of  stress  on  the  creep  rate 
included  the  unknown  effect  of  differences  in  structures. 

Theories  of  creep  can  be  generalized  into  one  of  three  major  categories* 

1.  Creep  arises  from  the  continued  generation  of  dislocations.  Under 

these  conditions  the  Becker-Orowan  ' ' type  of  relatiousnip  holds  where 
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and  0;  » yield  strength  at  T - 0 

O " shear  modulus  of  elasticity 
V - volume  of  unit  under  deformation  stress  CT 
N ■ Avogadro'e  number. 

This  relationship,  however,  is  contrary  to  the  observed  facts  which  sub- 
stantiate Bq.  1 and  therefore  insist  that  the  temperature  and  stress  terms 
on  the  creep 'rate  are  separable. 

2.  Creep  arises  from  thermal  activation  of  dislocations  over  energy 
barriers  in  the  slip  plane.  Under  these  conditions  the  Kauzmann^^  type 
of  relationship 


£ 'N-'  6 ^ 

is  obtained  mhere  A depends  on  the  length  of  the  activated  dislocation 
loop.  This  relationship  gives 
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where  AH  depends  on  the  barrier  strengths.  Thu  relationship  given  by 
Bq.  4 does  not  agree  with  experiment  because  O'  is  known  not  to  enter  the 
creep  relationship  as  -31  • 

3.  Creep  arises  from  stre83  relief  at  a Frank-Read  source  as  a 
result  of  dislocation  climb  to  new  slip  planes.  Under  these  conditions 
Mott^^^  sus^jsts  a relationship  similar  to  that  given  by  Bq.  4,  where  AH 
ia  non  that  for  self-lif fusion.  And  again  thia  theory  fails  to  agree  with 
all  of  the  facts. 
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Elaborations  of  generation  or  activation  theories  (1  and  2 above) 
for  creep  will  not  reduce  their  deviations  from  the  facts*  The  dislocation 
climb  theory  (3  above)  appears  moBt  promising  since  it  predicts  that 
ouCuld  be  that  for  self -diffusion  as  is  observed.  It  apparently  contains 
a resolvable  misconception  of  how  the  stress  affects  the  creep  rate.  Bat, 
until  this  issue  is  resolved,  it  too  must  be  considered  inadequate  to 
account  for  the  facts. 

Examples  of  experimentally  determined  effects  of  stress  on  the  creep 
rate  are  summarized  in  Table  I.  With  the  exceptions  of  the  linear  relation- 
ship of  type  A,  all  evaluations  were  conducted  at  the  secondary  creep  rate 
and  consequently  are  influenced  by  effects  of  structural  differences  in- 
troduced by  the  creep  straining  at  different  stresses.  The  linear  rela- 
tionship given  by  Type  A for  low  8treS3,  however,  was  obtained  under 
conditions  where  no  initial  plastic  straining  was  obtained.  Consequently 
the  initial  creep  rates  in  these  tests  refer  exclusively  to  the  original 
annealed  structure.  Although  these  data  are  free  from  the  objections  that 
have  been  raised  against  the  remaining  types,  they  are  not  definitive 
because  any  stress  function  whatsoever  must  become  linear  over  a sufficiently 

narrow  range  of  the  applied  stress. 

r op  i 

Recent  investigations'  1 on  the  of  feet  of  stress  on  the  creep  rate 
have  been  conducted  under  conditions  where  the  structure  was  maintained 
c .stant,  indicating  that 

BCT 

£ e ^ ^ e . (6) 

In  these  investigations  each  specimen  was  precrept  under  identical  condi- 
tions to  the  same  strain  whereupon  the  stress  waB  decreased  to  a new  value 
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and  the  Initial  creep  rate  Immediately  following  the  reduction  in  stress 
was  measured*  Repetitions  of  this  procedure  for  a series  of  new  decreased 
stresses  permitted  correlations  of  the  new  initial  creep  rates  as  a func- 
tion of  the  new  stresses*  Inasmuch  as  the  precreep  conditions  were  held 
invariant  for  any  one  series  of  tests,  the  structure  immediately  following 
a decrease  in  stress  was  identical  for  all  members  of  the  series.  (Increas- 
ing the  stress  was  purposely  avoided  because  such  higher  stresses  might 
have  induced  ism  edicts  straining  which  in  turn  would  have  modified  the 
structure  in  a way  that  would  have  been  dependent  on  the  magnitude  of  the 
new  stress.)  Investigations  under  various  precrept  conditions  revealed 
that  B was  insensitive  to  the  stress,  strain  and  temperature  conditions 
of  precreep  as  well  ae  the  instantaneous  temperature.  Solid  solution 
alloying,  however,  gave  lower  values  of  8 j the  B values  for  a cold 
worked  metal ^ 21 ^ were  lower  than  those  for  the  annealed  state  but  they 
increased  during  creep  and  approached  those  of  the  annealed  state  after 
rather  extensive  precreep.  These  results  Insist  on  the  separation  of  the 
temperature  sensitive  and  stress  sensitive  portions  of  the  creep  rate 
equation. 

The  dependence  of  the  creep  rate  on  the  temperature  and  stress  for 
a given  structure,  Bq.  6,  might  equally  be  written  as 
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Then  the  creep  laws  over  various  ranges  of  stress  would  reduce  to  the 
following  limiting  relationships? 


1.  High  BO- 


kb  80- 

£ e r>j  e 


(8) 


■' ' Y J 


yw 


rjf* 

> 

*., 

'*} 


¥ • 

: 

& 

I 

t! 

I 

I 

I 

| 


f 


L 


’’  » 

ft 

fe 

W 


»» 

$ 

*%• 


2.  Intermediate  BCT 
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3.  Low  BCT 
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In  fact,  orer  sufficiently  narrow  ranges  of  stress  in  the  intermediate 

•n 

range  of  ftCT  , a CT  law  might  also  be  satisfactory.  If  the  hyperbolic 

_n 

sine  law  is  -valid  over  the  entire  stress  range,  P.  of  U in  the  ir.ter- 
mediate  range  will  vary  dependent  on  the  exact  range  of  stresses  investigated. 

Although  reasonably  definitive  confirmation  has  been  quoted  above  for 
the  high  and  low  stress  laws  for  creep  under  identical  structures,  the 
best  creep  rate  law  for  the  intermediate  stress  range  has  not  yet  been 
evaluated.  This  evaluation  is  Important  from  a number  of  aspects! 

1.  A knowledge  of  the  creep  law  over  the  entire  range  of  stresses 
is  of  substantial  importance  to  the  design  engineer. 

2.  The  creep  rate  law  over  the  intermediate  ranges  of  stress  will 
prove  to  be  definitive  in  either  acceptance  or  ’•ejection  of  the  suggestion 
that  the  creep  rate  depends  on  the  hyperbolic  sine  of  the  stress  over  the 
entire  range  of  stress. 

3.  A definitive  evaluation  of  the  creep  rate  law  over  the  inter- 
mediate stress  range  -ill  assist  in  the  development  of  more  realistic 
theories  of  creep.  These  factors  stimulated  the  following  investigation* 

MATERIALS  AND  TECHNIQUES 

Hie  series  of  alpha  solid  solutions  of  magnesium  in  high  purity 
aluminum  identified  in  Table  II  were  used  in  the  present  investigation. 

After  machining,  the  specimens  were  annealed  as  described  in  Table  H to 
achieve  about  the  same  grain  size. 

All  creep  tests  were  conducted  under  constant  load  conditions,  the 
temperature  being  held  constant  to  within  ♦1°C  of  the  reported  values. 
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The  stress  was  measured  to  -within  +20  psi  and  the  creep  strains  to  within 

♦0.0001. 

EXPERIMENTAL  RESULTS 

At  sufficiently  low  creep  stresses,  the  deformation  is  exclusively 
elastic  and  the  initial  plastic  strain  is  zero.  Typical  examples  of  creep 
curras  for  such  cases  are  given  in  Fig.  1 where  the  elastic  component  of 
the  strain  has  been  subtracted  from  the  total  strain  to  give  a true  creep 
strain.  Consequently  the  initial  creep  rates  refer  exclusively  to  the 
effeot  of  stress  on  the  creep  rate  since  the  Initial  structure  is  always 

I 

that  for  the  previously  annealed  condition.  As  shown  in  Fig.  2 the  initial 
creep  rate  is  related  to  the  stress  according  to 


<T,  TRUE  STRESS,  C3I 

r»  t EFFECT  OF  SMALL  STRESSES  ON  THE  MTIAL 
CREEP  RATE  OF  ALUMINUM  CONTAIN  I NS 
3.1  ATOMIC  PERCENT  MAGNESIUM. 


cr,  TRUE  STRESS,  RSI 

rift  3 AFFECT  OF  SMAU.  STRFSOES  ON  THE 
INITIAL  CREEP  RATE  OF  ALUaiTUtf  COMT/MNING 
3.1  ATOMIC  PERCENT  MAGNESIUM. 
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in  the  data. 
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•share  n decreases  with  alloying  and  the  parameter  5'  (obtained  by  extra- 
polatlng  £6  w""r  to  unit  stress)  for  the  annealed  state  is  Insensitive  to 
alloying. 

Therefore  these  data  suggest  that  the  creep  law  for  high  temperatures 
is 
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where  S cp(CT)  ••  S 1 T n for  intermediate  stresses  and  S <p(v)  ~ S 6 

for  high  stresses.  Unfortunately  the  previously  reported  high  stress 

tests^20’2^  did  not  extend  to  sufficiently  low  values  to  include  the  CT  P 

range  and  the  intermediate  stress  tests  reported  above  could  not  be  extended 

6cr 

to  sufficiently  high  stresses  to  enter  the  6 range  because  of  introduc- 
tion of  the  complicating  factor  of  initial  plastic  straining.  Thus  the 
merging  of  the  two  ranges  of  conditions  was  not  verified  under  a single 
test  procedure  but  implied  by  two  sets  of  results  obtained  under  alternate 
test  conditions.  In  order  to  provide  unambiguous  evidence  of  the  merging 
of  the  two  ranges  of  conditions,  the  additional  tests  documented  in  Fig.  5 
were  undertaken.  Here  again  the  previously  described  decrease  in  stress 

technique  was  adopted  in  order  to  maintain  the  same  structures  for  any  one 

BCT 

sequence  of  tests.  Again  the  6 relationship  was  observed  to  be  valid 

So- 
ever the  high  stress  range.  But  consistent  deviations  from  the  € re- 
lationship were  obtained,  as  shown  by  the  data  of  Fig.  5,  at  appropriately 
low  stresses.  As  indicated  in  Fig.  6 the  creep  rate  at  these  low  stresses 
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becomes  proportional  to  O' n . Thus  it  appears  possible  to  go  from  u 0 to 
ecr 

the  6 law  in  one  series  of  tests* 

If  ths  two  ranges  of  oreep  laws  merel7  represent  ranges  of  transition 

ecr  n 

of  a single  function  from  G to  (T  , the  transition  must  occur  at  the 

came  values  of  60"  and  <Xn  independent  of  the  values  of  0 and  n . The 

data  given  in  Fig.  7 reveals  that  the  transition  occurs  at  BCT  S'  l„5  where- 

^ 11 

as  the  data  of  Fig.  8 shows  that  the  transition  occurs  at  0*  = l(j. 

The  different  elevations  of  the  curves  are  ascribable  to  the  different 
values  of  the  structure  sensitive  parameters  S or  5"  . 

Therefore  the  validity  of  Eq.  14  for  the  cr^ep  rate  is  quite  well 
established.  Careful  examination  of  the  data,  however,  clearly  demonstrates 
that  'f  (cr)  is  not  the  hyperbolic  sine  function.  And  thus  far  no  single 
function  has  been  found  that  will  agree  well  with  the  data  over  the  entire 
range  of  stresses  employed  t in  spite  of  the  proof  given  above  that  such  a 
function  exists. 

Up  to  the  present  only  the  initial  creep  rates  following  either  the 
application  of  a low  stress  or  the  reduction  of  a precreep  stress  were 
considered.  In  both  cases,  however,  transients  were  observed  which  are 
believed  to  be  important  in  the  formulation  of  an  accurate  theory  for  high 
temperature  creep.  Upon  initial  loading  to  low  stresses  transients  of  the 
type  shown  in  Fig.  9A  were  obtained,  where  with  continued  time  at  the  stress 
the  creep  rate  increased  before  creep  entered  the  usual  range  of  the  primary 
stage  of  decreasing  creep  rates.  Upon  decrease  of  the  stress  the  initial 
creep  rate  was  always  higher  than  those  obtained  after  a short  period  of 
additional  creep  as  shown  in  Fig.  9B.  Such  transients  persisted  only  for 
small  strains. 
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Another  abnormality  was  observed  in  the  decrease  in  stress  type  of 

data  as  shown  in  Fig.  10.  The  precreep  datum  Just  before  the  decrease  In 

stress  is  given  by  the  * symbol.  Not  until  the  stress  was  decreased  more 

8<T 

than  about  2000  psi  below  the  precreep  stress  yas  the  6 relationship 

obtained.  Similar  observations  were  made  in  all  tests  undertaken  and  the 

Bcr 

deviations  of  the  final  precreep  datum  from  the  extrapolated  6 relation- 
ship was  found  to  increase  with  increasing  precreep  stress* 


DISCUSSION 


Tha  identity  of  tha  activation  energy  for  high  temperature  creep 
with  that  for  self-diffusion  strongly  suggests  that  high  temperature  creep 
is  controlled  by  self-diffusion.  Inasmuch  as  stress  directed  self-diffusion 
alone  cannot  account  for  the  observed  creep  rates,  it  is  probable  that  creep 
occurs  by  a dislocation  climb  process  wherein  the  rate  of  self-dif fusion 
determines,  in  part,  the  rate  of  climb.  The  insensitivity  of  the  activa- 
tion energy  term  to  the  stress  and  the  consequent  separation  of  the  temper- 
ature and  stress  effects  into  two  independent  multiplicative  terms  might 
at  first  appear  unorthodox. 

In  general  the  free  energy  for  activation  of  a positive  unit  climb 

of  a single  dislocation  will  be  AH  - T £»*  — (~  a } where  Ah  is  the 

activation  energy  for  self-diffusion, AS  is  the  entropy  of  activation,  (-  jy 

is  the  potential  energy  gradient  in  the  direction  of  climb  and  CX  is  the 

atomic  climb  spacing.  A similar  expression  applies  for  a negative  climb 

process  excepting  that  the  sign  preceding  the  potential  energy  term  is 

changed  because  negative  climb  processes  increase  the  energy  of  the  system. 

Thus  the  net  frequency  of  a unit  climb  is  approximated  by 

as 
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FIS.  10  FAILURE  OF  eBCr  RELATIONSHIP  FOR 
SMALL  DECREASES  IN  STRESS. 
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Mott1  a analysis'1  * suggests  that  (~  > is  lis5»rlj  dependent  on  the 

stress.  But  a simple  calculation  irill  reveal  that  ) *0  when  the 

dislocations  from  a single  Frank-Read  source  are  yet  on  their  original  slip 
plane.  In  general  a shear  stress  in  the  direction  of  slip  cannot  promote 
cliirto.  In  fact  in  order  to  have  a non-vanishing  value  of  (-  ) at  a 

given  dislocation  it  is  necessary  that  surrounding  dislocations  be  on  other 
slip  planes.  Thus  the  value  of  (-  ) that  directs  the  climb  of  any  one 

dislocation  depends  on  the  surrounding  pattern  of  dislocations  or,  in  other 
words,  the  structure.  This  structure  is  dependent  primarily  on  the  pre- 
creep  history  and  is  evidently  insensitive  to  the  instantaneous  applied 
stress.  The  experimental  evidence  shows  that  a.  ) must  be  small 

since  the  total  value  of  +•  o.  J is  known  to  be  almost  that  for 

self -diffusion,  namely  Ah  alone.  If  this  is  so,  the  hyperbolic  sine  term 
reduces  to  its  argument  and 

As  _ 

V = 2f,  (-  59  ) e * e hT 

where  the  exponential  term  now  gives  only  the  Ah  term  for  self-dif fusion. 

Under  the  assumption*’  ’"Me  in  this  dislocation  climb  model  for  high 
temperature  creep,  straining  takes  place  because  the  climbing  dislocations 
result  in  a reduction  of  the  back  stress  at  a Frank-Read  source  and  thus* 
a^low  the  generation  of  new  dislocations.  The  actual  details  of  this  pro- 
cess are  so  complex  that  for  the  present  they  defy  an  accurate  mechanistic 
—lalysis.  But  some  concept  of  this  process  might  be  gained  fhom  a gross 
statistical  approach  to  the  problem.  Let  Nt  b®  ihe  number  cf  dislocations 
that  have  been  generated  by  a single  source.  Let  A be  the  a ve:-f.;  a area 
swept  out  by  e_ch  of  these  dislocations  on  their  slip  planes  wher  a single 
dislocation  undertakes  a unit  climb.  If  N are  the  number  of  soi  rces  per 
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unit  volume  the  creep  strain  per  unit  climb  le 


£ — AM  Me  b 


and  the  creep  rate  beoomes 


(15) 


AS  - Arj 

i = 2 an  nc  b sl  (-Pt)e  K e KT 

In  • ay  ' 

3n  general  therefore  A , Nc  and  (-  J must  be  given  appropriate  average 
values.  Like  (-  ) the  values  of  A and  Nc  also  depend  on  the  instan- 

taneous structure. 

The  number  of  active  Frank-Read  sources  N depends  on  the  applied 

stress  and  the  distribution  of  source  lengths.  The  stress  necessary  to 

(20) 


promote  creep  at  a Trank-Read  source 


will  be  estimated  to  be 


Gb 

L 


(16) 


where  G ■ shear  modulus 

i - 

o - Burgers  vector 
L ” source  length. 

The  number  of  sources  having  lengths  between  L and  L+dl  can  be  repre- 
sented by 

dN  = 4>'(«0  dl  (17) 

AU  sources  having  longths  greater  than  L c - will  be  active  under 

stress  <T  . And  all  such  sources  will  remain  active  because  the  back 
stresses  on  these  sources  will  be  continually  relieved  by  the  climb  prose?-? 
Thus  no  exhaustion  of  sources  takes  place  and 

<30 

N - ( = y(Lc')  = <f(~)  (18) 


1 


Consequently  the  creep  rate  is  given  by 

£ . JAN1b(4;)fteV€'#l  <f(&)  (W> 

For  a given  structure  A , Nc  and  (-  gy  ) are  fixed  quant  it  igs  and  Eq.  19 
reduces  to  the  experimentally  verified  law  of  Bq.  14. 

In  addition  to  accounting  for  the  obserred  dependence  of  the  creep 
rate  on  stress  and  temperature,  the  theory  exhibits  other  virtues.  But 
in  view  of  the  simplifying  averaging  methods  that  were  employed  in  lieu  of 
a detailed  mechanistic  model  of  release  of  new  dislocations  from  Frank-Read 
sources,  the  theory  cannot  yet  be  expected  to  account  for  all  of  the  ob- 
served  facts. 

1.  Primary  Creep.  According  to  the  theory  primary  creep  1b  due  to 
the  decrease  in  the  structure  dependent  term  A Nc  (-  ) . But  it  is 

not  immediately  apparent  that  this  product  should  decrease  over  the  primary 


range. 


j.  As  creep  continues  under  a given  stress,  the 


dislocations  will  climb  to  subboundaries.  . Finally  a steady  state  pattern 
of  dislocations  will  be  obtained  providing  a basis  for  secondary  creep. 

3.  Tertiary  Creep.  Tertiary  creep  is  extraneous  to  the  simple  dis- 
location climb  theory  since  it  probably  arises  from  condensation  of  vacan- 
cies and  consequent  growth  of  microcracks.  It  should  be  possible  to  in- 
troduce the  essential  features  leading  to  tertiary  creep  and  microfrarturing 
in  the  current  model. 

4.  Mechanical  Equation  of  State.  According  to  the  dislocation  climb 
model  each  stress  produces  its  unique  structure.  At  high  stresses  the 
number  of  climbing  columns  of  dislocations  is  greater  due  to  the  greater 
initial  packing  of  dislocations  along  the  slip  plane.  Thus  the  structure 
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developed  during  a dislocation  climb  process  will  be  stress  dependent  (and 
insensitive  to  the  temperature)  as  well  as  strain  dependent  in  conformity 
with  experimental  observations.  For  this  reason  the  creep  rate  becomes  a 
function  of  the  past  stress  history  as  well,  as  the  instantaneous  conditions 
of  test.  Necessarily  the  mechanical  equation  of  state  fails  to  apply  to 
creep. ^ 

5.  Transients.  Upon  first  loading  ) is  small  but  as  soon 

as  a few  dislocations  climb  above  their  original  slip  planes  it  should 
increase  due  to  the  then  greater  increase  in  the  potential  energy  gradient 
in  the  climb  direction.  This  is  in  conformity  with  the  observed  transient 


upon  applying  low  sireooeui. 

Immediately  upon  decreasing  the  .■streoo  there  sriets  a greater  number 
of  climbing  dis?_ccatione  than  the  steady  stats  number  for  that  stress. 
Consequently  the  initial  creep  rate  upon  a decrease  in  stress  is  greater 
than  the  steady  state  value. 

6.  Effects  of  Alloying.  The  preliminary  estimate  given  by  Bq.  16 
for  the  stress  necessary  to  activate  a Frenk-Bead  source  neelected  the 
effect  of  non-conservative  losses.  Thermal  lattice  vibrations  and  localized 
strain  regions  about  solute  atoms  are  sources  of  internal  stresses  that 
react  with  the  moving  dislocation.  Since  the  energy  of  a system  consisting 
of  a single  constant  length  straight  dislocation  is  unmodified  by  its  posi- 
tion in  the  crystal  the  energy  required  to  move  the  dislocation  through  the 
stress  field  is  dissipated  thermally.  Therefore  the  actual  stress  required 
to  activate  a source  is  somewhat  larger  than  that  given  by  Eq.  16,  say 
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where  k is  a small  quantity.  Thus  the  function  CjP  of  Eq.  19  takes  the 

form 

j " CT  ^ 

Gb 

As  suggested  previously  k increases  with  alloying.  Consequently 
n of  Eq.  14  should  decrease  with  alloying. 


CONCLUSIONS 

1.  The  activation  energy  for  high  temperature  creep  of  aluminum  and 
its  dilute  alloys  la  insensitive  to  the  variables  of  stress  and  strain  and 
approximates  the  value  for  self-diffusion^ 

2.  The  creep  rate  equation  for  a constant  structure  is  approximated 
by 

_ 

£ = S e cp  (a) 

where  £ » creep  rate 

S * parameter  that  depends  on  the  structure 
AH  **  activation  energy  for  self-diffusion 
R - gas  constant 
T ■ absolute  temperature 


CT-  * stress 

S <f(cr)  - s' a" 

cr  < *o  or 

BCT  '< 

1.5 

Scp(cr)  - s”e6<T 

<J A ^ i 0 ' or 

Bcr  ^ 

1.5 

The  creep  rate  does  not  appear  to  be  a hyperbdlic  sine  function  of 
the  stress. 

3.  Most  of  the  available  experimental  evidence  strongly  supports 
the  dislocation  climb  model  for  high  temperature  creep. 
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